The impact of legislated minimum wages on the early-life health of children living in low and middle-income countries has not been examined. For our analyses, we used data from the Demographic and Household Surveys (DHS) from 57 countries conducted between 1999 and 2013. Our analyses focus on height-for-age z scores (HAZ) for children under 5 years of age who were surveyed as part of the DHS. To identify the causal effect of minimum wages, we utilized plausibly exogenous variation in the legislated minimum wages during each child's year of birth, the identifying assumption being that mothers do not time their births around changes in the minimum wage. As a sensitivity exercise, we also made within family comparisons (mother fixed effect models). Our final analysis on 49 countries reveal that a 1 % increase in minimum wages was associated with 0.1 % (95% CI= -0.2, 0) decrease in HAZ scores. Adverse effects of an increase in the minimum wage were observed among girls and for children of fathers who were less than 35 years old, mothers aged 20-29, parents who were married, parents who were less educated, and parents involved in manual work. We also explored heterogeneity by region and GDP per capita at baseline (1999). Adverse effects were concentrated in lower-income countries and were most pronounced in South Asia. By contrast, increases in the minimum wage improved children's HAZ in Latin America, and among children of parents working in a skilled sector. Our findings are inconsistent with the hypothesis that increases in the minimum wage unconditionally improve child health in lower-income countries, and highlight heterogeneity in the impact of minimum wages around the globe. Future work should involve country and occupation specific studies which can explore not only different outcomes such as infant mortality rates, but also explore the role of parental investments in shaping these effects.
Introduction
Early life environmental conditions play a critical role in shaping well-being over the lifecourse. Most studies have treated extreme and less commonly observed shocks, such as famines, as natural experiments to study the causal impact of early life conditions (Almond, and Currie 2011) . Recently, a small literature has been exploring the impact of policies targeting social determinants, including cash or educational interventions, on early life health in both developing and developed countries Engle et al. 2011; Owusu-Addo and Cross 2014) . Cash transfers have received much attention and have been shown to improve health services utilization, with mixed effects on early life health outcomes (Fiszbein et al. 2009 ). However, little attention is paid to the potential of labor market institutions, specifically income protection legislation, in shaping opportunities for investing in early life health and the subsequent impact on early life health outcomes. Given this, we pose the following question: Do minimum wages improve early life health?
To the extent that minimum wages influence parental wage income, they might affect parental investments in child health. For example, if wages were to increase, families might be more likely to avail themselves of health services and engage in other salutary behaviors which may be particularly effective around the time of birth. However, parents may also be more likely to spend additional time in the labor market at the expense of care-giving activities. The time around birth is widely understood to be a critical period in shaping child nutrition and stunting levels; therefore, changes in parental economic conditions in the pre-and post-natal periods may have particularly large effects on child health and nutrition Engle et al. 2011) .
The large literature on economics of minimum wages finds that minimum wages can increase the earnings of low-income workers without causing job losses as wage increases improve workers' productivity, particularly for workers in large firms (Card and Krueger, 1994; Levine, 1992) . However, theory and empirical findings have also suggested that higher minimum wages lead to lower employment (especially for workers in smaller firms) as costs of production increase and firms respond by laying off workers (Neumark and Wascher 2008) .
The limited but growing literature from developing countries generally finds highly heterogeneous effects of minimum wage policies on employment and poverty (Betcherman 2012) . Studies from Latin America suggest that higher minimum wages can lead to increases in wages for workers earning near the minimum wage, although those most in need may not benefit (Bhorat et al. 2014) . Studies in Sub-Saharan Africa find that increases in minimum wages have a small negative impact, or no measurable impact on employment (Bhorat et al. 2015) . Whereas there is very limited evidence from South Asia on minimum wages, generally rigid labor regulations have been found to have adverse effects on employment (Djankov and Ramalho 2009; Besley and Burgess 2004) .
Apart from regional heterogeneity, a second level of heterogeneity is due to economic conditions of the country. The same increase in income may have greater effect in poorer countries , however poor countries may also have lower compliance to minimum wage laws due to weak enforcement of laws (Bhorat et al. 2015) which may make the overall effect of minimum wages on poor countries ambiguous.
A third level of heterogeneity relates to the socio-demographic and economic characteristics of workers, including their occupation, age, gender, income, and skill level. Most of the research in poor countries find adverse effects of minimum wages on employment, particularly among the younger adults and those in their prime working ages, as well as those working in manual and less skill-intensive sectors, many of whom tend to be disproportionality women (Betcherman 2012; Neumark and Wascher 2008) .
In general, both theory and evidence from the economics of minimum wage literature suggest that the mean effects of minimum wages are not a sufficient statistic to summarize the distribution of treatment effects of minimum wages. The effects vary depending on the level of heterogeneity, and for a given level of heterogeneity, the type of sub-group considered.
Ferreira and Schady (2009) develop a simple conceptual framework, building on the insights from Preston (1975) and Deaton (2003) , which highlights that an additional dollar in a poor and malnourished context may be used to buy more nutritious and healthy goods, than in richer and healthier settings, where the same dollar may be spent on less essential (even unhealthy) commodities. In our setting, this suggests that effects of minimum wages on child nutrition may be greater in regions, such as SubSaharan Africa and South Asia, where malnutrition is a bigger problem than in Latin America ) and in countries which are poorer; households which are poorer and whose members work in manual-unskilled sectors may also register stronger adverse effects. Furthermore, to the extent there is gender discrimination, we may expect parents to invest less in girls specially when faced with adverse economic circumstances (Maccini and Yang 2009; Behrman and Anil Deolalikar 1990) .
Ultimately, whether minimum wage laws lead to improvements or deterioration in child health, through changes in parental economic conditions, is an open empirical question.
To the best of our knowledge, this is the first study to explore the causal impact of minimum wage laws on early life health in low and middle-income countries (LMICs).
To identify the effect of minimum wage laws, we exploit plausibly exogenous variation in minimum wages during each child's year of birth, the identifying assumption being that mothers do not time their births around changes in the minimum wage. Our identification strategy uses children born at different times from the same country as controls, rather than exclusively relying on comparisons with children born in different countries which are more likely to be confounded. We strengthen our identification strategy by carrying out a difference-in difference estimation that utilizes not only within country cohort variation in exposure to minimum wages (over more than decade), but also spatial variation in the intensity of the increases in minimum wages (through cohort fixed effects) across countries to control for time varying changes in economic conditions across cohorts. As part of our sensitivity analyses, we also utilize mother fixed effect models to exploit cohort variation in exposure to different levels of minimum wages across biological siblings, allowing us to control for family-level time invariant unobservables which may be potentially biasing our results. Furthermore, based on the insights of the economics of minimum wage literature, we hypothesize that certain subgroups (poor, less skilled, and young for example) will demonstrate stronger effects than others (those in the skilled sector, richer countries or regions where malnutrition is less of a problem such as Latin America), which helps us generate placebos and infer which mechanisms might be at play. men (usually aged 15-54 or 15-59) , and children ever born (Corsi et al. 2012 ). The DHS asks women about their birth history, in addition to their socio-economic background, among other topics. Regarding birth history, information about date of birth (month and year) and child's gender is available for all births.
Our original data set contained 748,320 observations on HAZ scores for children 0-5 years old alive at the time of interview from 57 countries with survey years ranging from 2000 to 2013. To ensure that minimum wage effects are identified and estimated on a relevant population, we restricted our sample to residents of urban areas, reducing our sample to 250,268 observations (64% of sample is rural). We excluded those children whose mothers were widowed, divorced or not living with their partner (8% of the sample), and those whose parents were both working in agriculture or self-employed.
Finally, we extracted the subset of children whose mothers were between 14 and 39 years of age and whose fathers were between 20 and 50 years of age. These restrictions led to a sample size of 179,148. After accounting for missing values in minimum wage data and parental characteristics, our final sample consisted of 139,824 children born between 1999 and 2012 in 49 countries.
Measures
Our exposure was the latest monthly minimum wage rate in place at the end of every calendar year for workers in the formal, non-public sector. For those countries where the minimum wage was sector-specific or occupation-specific, the level applicable to the manufacturing sector or unskilled workers was recorded. We used PPP conversion and inflation factors from the World Bank Development Indicators (WDI) to create a minimum wage series in PPP constant 2011 US dollars. Appendix table A3 lists the original 57 DHS countries in our data set and highlights considerable variation in legislated nominal minimum wages over time, across countries and regions For children born in the five years prior to the survey and alive at the time of interview, the DHS provides anthropometric measures constructed using 2006 WHO child growth standards. Our primary outcome was children's height-for-age anthropometric scores, which are widely regarded as an important predictor of long-run health and economic well-being (Behrman and Deolalikar 1988; Hodinott et al. 2013a,b; Victora et al. 2008 ).
We accounted for potential confounding by individual and household characteristics posited to influence the relationship between minimum wages and child height for age z-scores. Children's covariates included gender, age in months, age squared, birth order; mother's covariates included age at birth in months, age at birth squared, year of birth dummies, marital status, total children under 5, total number of children born, occupation and educational attainment; and father's covariates consisted of age in years at time of survey, occupation, and educational attainment. Parental educational attainment was coded as follows: 0 -education; 1-incomplete primary; 2-compete primary; 3-incomplete secondary, 4-secondary, and 5-higher education. To account for household SES, we controlled for quintiles of the DHS wealth index, which is based on ownership of specific assets (e.g. radio and television), environmental conditions, and housing characteristics (e.g., materials used for housing construction and sanitation facilities), and constructed using a method developed by Filmer and Pritchett Pritchett 2001,1999) .
Empirical Strategy
The following reduced form equation was used to model the impact of minimum wages on child health:
where !"#$ is the outcome of interest for child i born in year t belonging to mother m in country c. ! is the parameter of interest as it measures the impact of a 1 % increase in constant, PPP-adjusted minimum wages in a given country c at time t (for cohort t).
Data on MW was matched to the year of birth of each child, so that cohort variation in exposure to MW is exploited for identification of causal effects.
To deal with factors that may confound the relation between minimum wages and child health, we flexibly controlled for !"#$ , which is a vector containing child, parental, and household characteristics.
Our identification strategy exploits arguably exogenous timing of changes in minimum wages with the timing of births. This suggests that our control group is not a different country, but children within the same country at different times. We complement our identification strategy with controls for g(c,t)-country fixed effects and time trends (child's year of birth fixed effects). Country fixed effects control for any time invariant differences between countries that may bias the effects of MW, whereas the time trends control for unobservable changes in economic conditions over time.
In stratified models, we also examined heterogeneous effects of MW by child gender, child age, parental age, maternal marital status, and economic background of the household (wealth quintiles, parental education and employment), as well as the region and level of economic development of the country at baseline.
Last, we explored the sensitivity of our results to unobserved family heterogeneity by comparing biological siblings through a mother fixed effects model. This model allows us to control for any unobservable factors common between siblings, which may bias our estimates of ! in model (1). As we are using a select sample of urban families working in the formal sector, we did not use DHS country weights in our analyses. Table 1 shows summary statistics for the key variables used in our analyses. The mean HAZ scores were negative, suggesting that the average country in our sample has an undernourished sample of children (relative to WHO standards) aged zero to five. The mean value of our minimum wage exposure was US $278 per month, however there was significant variation in minimum wage values as reflected in the standard deviation of US $149 and its wide range of US $7 per month to US $633 per month. Table 2A shows the β 1 estimates from equation (1). For the purpose of this paper, we will be reporting effects of a 1 % increase in real minimum wages (given by ~ β 1 /100).
Results
To be consistent in the discussion of our estimates, we have rounded our estimates to the nearest 3 decimal places. We find that a 1 % increase in minimum wages was associated with a decrease in HAZ (for children 0-5 years of age) of 0.001 standard deviations (95% CI= -0.002, 0.000). Given the mean HAZ of ~-1 SD, a -0.001 SD effect translates into a -0.1% (0.001 SD/1 SD) change in HAZ scores or an elasticity of HAZ with respect to minimum wages of 0.1. The overall estimate, however, may hide the presence of heterogeneous effects by child gender. We found that an increase in the minimum wage reduced HAZ for girls by -0.001 SD (95% CI= -0.002, 0.000); as shown in Table 2A , the effect was is similar for boys with a wide CI (95% CI= -0.002, 0.001).
A second level of heterogeneity may be due to parental characteristics. Table 3A shows the estimates on children according to whether their mothers were in their prime childbearing age (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) at the time of birth, as well as whether their fathers (mothers' current partners) were 35 years of age or less at the time of survey. We found that a 1 % increase in minimum wages reduced HAZ scores by 0.001 for children whose mothers were between 19 and 29 years of age, whereas the effects on children whose mothers gave birth when they were older than 29 or younger than 19 were smaller.
Appendix Table A1* shows that the HAZ for children of mothers between ages 19 and 29 years compared to other mothers were lower by 0.001 SD (95% CI= -0.002, -0.000).
Similarly, the adverse effects of minimum wage increases were driven by children of young fathers-a 1 % increase in minimum wages reduced HAZ scores by 0.001 SD.
Results in Table 4A reveal that minimum wage laws register adverse effects for mothers who are married in particular: -0.001 SD (95% CI= -0.003, 0.000). As shown in Appendix Table A1*, the difference between married and non-married mothers was -0.001 SD (95% CI= -0.003, 0.000). Table 4A also shows heterogeneity across wealth quintiles. For those in the poorest quintile, where one might expect the greatest effect of minimum wage laws, a 1 % increase in minimum wages decreased the mean HAZ score by 0.004 (95% CI= -0.007, -0.000) standard deviations. Appendix Table A1* shows that the estimates for the lowest quintile were lower than those registered in the higher quantiles: -0.003 SD (95% CI= -0.006, 0.000). Table 5A explores heterogeneity by parental education. Results showed adverse effects on children across educational levels for both parents, with adverse effects of -0.001 SD (95% CI: -0.002, 0.000) among children whose mothers were less educated (those who have completed less than secondary schooling).
A third level of heterogeneity may be related to the level of economic development of the country: Table 6A explores effects on "poorer" countries with low levels of GDP per capita (below the median GDP per capita in 1999) versus those with relatively higher GDP per capita (above the median GDP per capita in the sample). We found that adverse effects were primarily driven by low-income countries, where we observed a 0.002 standard deviation (95% CI: -0.003, -0.000) reduction in mean HAZ scores in response to a 1% increase in minimum wages. Appendix Table A2* shows that the estimate in the poorest countries was lower than in richer countries: -0.002 SD (95% CI= -0.004, 0.000).
Given that our analyses included countries from very diverse regions of the world, with different socio-economic conditions, we explored heterogeneity by region in Table 7A .
We found that adverse effects were particularly large in South Asian region, where a 1 % increase in minimum wage levels led to a 0.007 standard deviation (95% CI= -0.011, -0.003) decrease in HAZ scores.
In order to examine potential mechanisms, we next explored if increases in minimum wages affected maternal employment status. Table 8 suggests that minimum wages negatively affected maternal employment in poorer countries. In Appendix Table A2* we explored the impact of this change on children's HAZ scores. A 1 % increase in minimum wages reduced mean HAZ scores by -0.002 SD (95% CI= -0.004, -0.001), among children whose mothers from poor countries were not working at the time of survey (relative to their counterparts in richer countries).
We next analyzed whether the sector/occupation of work matters. Table 9A shows that children of mothers working in the manual sector were most adversely affected by increases in minimum wages. Interestingly, we find positive effects of minimum wage increases for children of mothers working in the sales sector. Results from analyses stratified by the occupation of fathers (Table 10A) showed a similar story: positive effects on child HAZ for fathers working in sales, but adverse effects for fathers working in the manual sector. Results from Appendix Table A2 * further suggest that the children of parents in sales occupations fare better than parents in other occupations, and those in manual work are more adversely affected.
Sensitivity Analyses
Tables 2B-10B compare changes in HAZ among biological siblings who were exposed to changes in minimum wages, by carrying out a mother fixed effects model on families with two or more children under 5. The results are robust overall, with effect sizes increasing in many cases (more adverse effects). However, we do find some interesting differences: children of less educated mothers and less educated fathers were adversely affected; the effects on children of married mothers were attenuated; and children in the richest families were also adversely affected. Perhaps the most interesting differences are in terms of region: adverse effects were concentrated in South Asia and Sub-Saharan Africa, with positive effects in Latin America. Furthermore, Table A6 explores sensitivity of our mother fixed effects to clustering at the country and mother levels for a few of our key estimates and found results to be robust.
We carried out a range of other sensitivity tests. For our full sample and the sample from poorest households, we explored lags of 1 and 2 years and a lead of 1 year for the year of the MW. Appendix Table A4 * shows some evidence of adverse effects on the poorest households in the year prior to birth, but smaller and noisier effects with lag of 2 years and a lead of 1 year (second year of birth). This provides suggestive evidence of the importance of the year of birth as a crucial year in shaping HAZ for children.
Another concern is that the sample we have chosen for our analysis (those living in urban areas who have at least one parent not working in agriculture) may be systemically related to certain omitted variables which are correlated with increases in minimum wages as well as changes in HAZ. In Table A5 * we show little evidence of such a selection at play, even if we restrict our sample to South Asia or Latin America (where we were finding some of the largest and contrasting effects).
In Appendix B we list and discuss in greater detail a broad list of potential concerns to our identification strategy (e.g. biases due to time varying unobservable, lack of compliance of laws, etc.).
Discussion
This is the first paper, which we are aware of, to analyze the causal relation between minimum wages and early life health of children in low and middle-income countries.
We exploit plausibly exogenous variation in minimum wages with respect to timing of births of children born to parents who were affected by these laws. We merged data on minimum wage levels for 57 countries to data on height-for-age (HAZ) scores for children under 5 available from DHS surveys between 1999 and 2013. Overall, a 1 % increase in minimum wages led to a 0.001 standard deviation decrease in HAZ scores (95% CI= -0.002, 0.000). Given that the mean HAZ score is -1 SD, a 1% increase in minimum wages is associated with 0.1% decrease in HAZ scores. The effect sizes rise to about 0.8% decrease in HAZ for a 1% increase in minimum wages when only South Asia is studied (mother fixed effects model). These estimates correspond to elasticities of 0.1 to 0.8, which are remarkably similar in magnitude to elasticities from the literature exploring the impact of minimum wages on employment (Neumark and Wascher 2008) .
Overall our estimates cannot reject the null of no effects of minimum wages on child HAZ. This is consistent with findings from the economics of minimum wage literature, which often finds that minimum wages cannot reject the null of no effects on employment and income (Betcherman 2012; Neumark and Wascher 2008) . However, the global intent to treat estimate may be biased downwards for various reasons: a lack of policy compliance, the very local nature of the effects of minimum wage laws on certain sub-populations, and counteracting effects in different world regions. We find particularly large and adverse effects in the poorest countries and in the South Asian region. These findings echo results from studies that have highlighted the adverse impacts of labor market regulation in India (Djankov and Ramalho 2009; Besley and Burgess 2004) . We also find that increases in the minimum wage increased rates of maternal unemployment. The fact that we do not find adverse effects of minimum wages on HAZ scores or on maternal employment in richer countries further suggests that unemployment may be a relevant mechanism through which adverse health effects are materialized.
The literature on minimum wage effects on employment also suggests that the most severe effects are to be expected on those who are in their prime ages and are less skilled (Betcherman 2012) . Consistent with this, we find that the adverse effects of minimum wage laws are concentrated among children of parents in their prime age and families in the lowest wealth quintile. And among those who work, the children of those working in less skilled occupations (manual work) experienced the most adverse effects.
Interestingly, we find that increases in minimum wage laws also benefit some subgroups. Those residing in Latin America and those working in sales (a relatively more skilled occupation) actually register positive effects. This may be partly due to malnutrition being a much less serve issue in Latin America but also because minimum wages have been found to have positive effects on wages and employment. Studies on Latin America have documented "lighthouse effects" whereby the informal sector benefits from increased employment and higher wages as the formal sector wage levels serve as reference for these sectors (Maloney and Mendez 2004) .
Our results question the hypothesis that increases in minimum wages improve child health for the marginalized. Although there is evidence of positive effects for those working in a more skilled sector and for those born in Latin America, the overall estimates are suggestive of adverse effects on a wide range of less well-off sub-groups which are often of interest to policy makers.
Our analysis is not without limitations. First, we do not have data on parental wages, so we could not limit our analyses to parents who earned a wage likely to have been impacted by changes in minimum wages. As a result, we limited our analyses to subgroups most likely to have been affected. To the extent that many among our treatment group are not directly affected by minimum wages and to the extent that there may be weak compliance to minimum wage legislation even within relevant sub-groups, our estimates are biased downwards. Second, our results suggest that it is changes in minimum wages around birth that mattered most for a child's height for age in their first five years of life. However, with annual minimum wage data, it was not possible to accurately capture the relative importance of conditions in narrow windows of exposure.
This creates measurement error in our treatment variable which may be biasing our estimates downwards. Third, because we estimated effects retrospectively up to five years after birth, we were not able to explore effects on employment status and utilization of health services before, during, and immediately after the birth of sampled children. Consequently, we are not able to comprehensively analyze the pathways through which minimum wage shocks impact child height for age z scores. Fourth, we did not formally carry out a test of multiple hypotheses given the large number of subgroups analyzed. However, we may not have been adequately powered to examine effects within these subgroups and correcting for multiple testing may have further accentuated this problem. To indirectly deal with this, in our appendix, we provided an alternate way of assessing heterogeneity with smaller sub-groups (binary terms) and we still found similar patterns. Nevertheless, our results indicate that shocks to aggregate wages, through minimum wage changes, can have important and heterogeneous consequences for an important marker of early child nutrition, which is predictive of later life changes in health and economic well-being.
Given that this topic has not been studied much before, we think of this paper as scratching the surface on an important, yet under-researched topic. There is a need for country and occupation specific studies which can explore not only different outcomes such as infant mortality rates, but also explore the role of parental investments in shaping these effects. Notes: Sample is restricted to those residing in urban areas and excludes those children whose parents are both working in agriculture or are self-employed. Mother's age at birth is restricted to be between 14 and 39, father's age is restricted to between 20 and 50 
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